Background: To our knowledge, no study so far investigated the importance of post-
| INTRODUC TI ON
Acute ST segment elevation myocardial infarction (STEMI) is still associated with increased risk of death and recurrent cardiovascular events despite considerable progress in therapy options.
Therefore, early risk stratification in patients with acute STEMI is very important for determining their optimal management (Hudzik, Lekston, & Gasior, 2016) . To date, several electrocardiographic (ECG) parameters have been used for stratifying patients on hospital admission (Schweitzer & Keller, 2001 ). However, novel ECG parameters have recently emerged to identify high risk patients in acute STEMI. One of these novel ECG parameters is the frontal plane QRS-T angle.
Frontal plane QRS-T [f(QRS-T)] angle which defined as the
angle between the directions of ventricular depolarization (QRS axis) and repolarization (T axis), was described as a novel marker of ventricular repolarization heterogeneity (Macfarlane, 2012; Oehler, Feldman, Henrikson, & Tereshchenko, 2014) . It can be easily measured from surface ECG by subtracting the QRS axis from the T axis, because QRS and T-wave axes are usually available in the automatic reports of many 12-lead ECG devices (Macfarlane, 2012; Oehler et al., 2014; Pavri et al., 2008; Zhang, Rautaharju, Prineas, Tereshchenko, & Soliman, 2017) . Previous studies had shown the prognostic value of the f(QRS-T) angle in the different populations (Aro et al., 2012; Gotsman et al., 2013; Oehler et al., 2014) . In addition to these studies, a previous study (Raposeiras-Roubin et al., 2014) showed that a wide f(QRS-T) angle (>90°) is a good discriminator of long-term mortality in patients with left ventricular systolic dysfunction after an acute myocardial infarction.
Although the relationships between the baseline f(QRS-T) angle
and the mortality of patients with acute STEMI has been investigated in previous studies (Raposeiras-Roubin et al., 2014; Sawant, Narra, Mills, & Srivatsa, 2013) , to our knowledge, there is no study investigating the association of both baseline f(QRS-T) and postprocedural f(QRS-T) angles with poor prognostic events in patients with acute STEMI undergoing revascularization therapy (primary percutaneous coronary intervention, pPCI + thrombolytic therapy, TT).
The aim of our study was to evaluate the prognostic importance of baseline and postprocedural f(QRS-T) angles in patients with acute STEMI. In addition, the clinical usefulness of baseline and postprocedural f(QRS-T) angles for predicting reperfusion success in patients who received TT will be investigated.
| ME THODS

| Patient selection
We retrospectively investigated the archived records of 301 consecutive patients with the diagnosis of first acute STEMI who were admitted to Dokuz Eylul University and were treated with pPCI or TT between 2013 and 2014. All patients had the following criteria: age over 18 years, presenting with first acute STEMI, being treated with coronary angiography (CAG) in our catheter laboratory. Major exclusion criterias were the occurrence of complete and incomplete right or left bundle brunch block, pacemaker rhythm, history of coronary artery bypass graft (CABG) and coronary artery disease. In addition, 15 patients could not undergo CAG were also excluded. Consequently, 248 patients with the diagnosis of first acute STEMI were included in our study. The diagnosis of acute STEMI was based on the European Society of Cardiology (ESC) 2012 STEMI guideline of "Third Universal Definition of Myocardial Infarction" (Thygesen et al., 2012) .
| Electrocardiography
A 12 lead ECGs were recorded for all patients at hospital admission, immediately after pPCI and 90 min after thrombolytic treatment. ECG recordings were taken using a 0.16-100 Hz filter range, 25 mm/s speed, and 10 mm/mV height. All of the ECG recordings were analyzed by two independent physicians. Frontal QRS and T-wave axes were available in the automatic reports of the ECG machine. The f(QRS-T) angle was calculated from these axes as absolute difference between frontal plane QRS axis and frontal plane T axis. If the angle exceeds 180°, it was calculated by subtracting from 360 o (Jogu et al., 2017; Macfarlane, 2012; Oehler et al., 2014; Zhang et al., 2017) . Because our calculation of f(QRS-T) angle was based on automatic report of ECG machine, 
| Coronary angiography
The PCI procedures were performed according to standard clinical protocols via the femoral route. Standard left or right Judkins diagnostic and guiding catheters were used in all procedures. All angiographic data of patients were assessed from the catheterization laboratory records and evaluated by two independent interventional cardiologists. The angiographically critical lesion was defined as the presence of ≥50% stenosis in the left main coronary artery and ≥70% in the other major epicardial coronary arteries. Each culprit lesion in the epicardial coronary artery was classified as proximal, mid, and distal according to the definition by American College of Cardiology and American Heart Association (Austen et al., 1975; Serruys et al., 1999) . Multivariate logistic regression analysis was performed to determine the independent predictors of in-hospital mortality. A value of p < 0.05 was considered statistically significant.
| Statistical analysis
| RE SULTS
| Baseline characteristics of patients
The mean age of the patients was 58.8 ± 12.7, with 77.4% men.
One hundred and forty-two patients underwent pPCI, whereas 106 patients underwent TT. In-hospital mortality was developed in 20 patients. When pPCI group compared to TT group, it was found that basal demographic characteristics, baseline and postprocedural f(QRS-T) angles, MI localization, and in-hospital mortality rate were similar between two groups. However, STR was significantly higher in TT group than in pPCI group (Table 1) . 
| Findings according to baseline f(QRS-T) angle
The baseline f(QRS-T) angle was significantly higher in patients who developed in-hospital mortality than the patients who did not develop in-hospital mortality ( These patients had also more frequent proximal vessel disease, more frequent three vessels disease, and higher rate of in-hospital mortality. No significant differences were observed between two groups regarding other clinical features and infarct-related artery localization (Table 2 ).
| Findings according to postrevascularization f(QRS-T) angle
The postprocedural f(QRS-T) angle was significantly higher in patients who developed in-hospital mortality than the patients who higher rate of in-hospital mortality (Table 3) . Furthermore, as demonstrated in Figure 2a , postprocedural f(QRS-T) angle was not significantly changed in patients who developed in-hospital mortality (from 101.9° ± 48.0 to 99.1° ± 47.3, p = 0.697), whereas it was significantly reduced in patients who did not develop in-hospital mortality (from 72.1° ± 49.2 to 58.5° ± 47.3, p < 0.001).
| Thrombolytic therapy subgroup
One hundred and six (42.7%) patients underwent TT in our study.
Successful thrombolysis was observed in 78 patients after TT, whereas failed thrombolysis was observed in 28 patients after TT according to electrocardiographic criteria. Our study group was divided into groups according to the presence of STR on ECG after
TT. f(QRS-T) angle measured at 90 min was detected to be lower in patients with successful thrombolysis group compared to failed thrombolysis group. However, there was no significant difference in terms of baseline f(QRS-T) angle between two groups (Table 4) .
More importantly, as showed in Figure 2b , 90th min f(QRS-T) angle was significantly reduced in patients with successful thrombolysis (from 78.6° ± 53.4 to 53.2° ± 42.9, p < 0.001), whereas it was not reduced in patients with failed thrombolysis (from 76.7° ± 56.4 to 77.3° ± 52.9, p = 0.961).
| Correlation analysis of baseline and postprocedural f(QRS-T) angles with other parameters
Baseline f(QRS- the independent predictors of in-hospital mortality (Table 5 ).
It was found that patients with postprocedural f(QRS-T) angle ≥89.6° had a 3.54-fold increased risk for in-hospital mortality.
| D ISCUSS I ON
In this study, we investigated the prognostic importance of the baseline and postprocedural f(QRS-T) angles for the early risk stratification in patients with acute STEMI. The main finding of our study was that wider postprocedural f(QRS-T) angle, but not baseline f(QRS-T) angle, was an independent predictor of in-hospital mortality in acute STEMI patients. In addition, we detected that the reduction of f(QRS-T) angle after TT was associated with successful reperfusion.
To our knowledge, this is the first study demonstrating the prognostic importance of postprocedural f(QRS-T) angle in patients with acute STEMI. (Macfarlane, 2012; Oehler et al., 2014) . The calculation of spatial angle is so complicated, required software programs and cannot be routinely calculated with daily used ECG devices ( (Macfarlane, 2012; Oehler et al., 2014) Conversely, f(QRS-T) angle can be easily calculated from surface ECG by subtracting the QRS axis from T axis, because most ECG devices report automatically QRS and T axes (Li et al., 2013) . In addition, a previous study reported that f(QRS-T) angle is a suitable clinical substitute for the spatial QRS-T angle in risk prediction (Zhang, Prineas, Case, Soliman, & Rautaharju, 2007) . We therefore used frontal QRS-T angle in this study.
TA B L E 2 Comparison of clinical characteristics, laboratory, and angiographic variables according to baseline f(QRS-T) angle
Postprocedural f(QRS-T) <89.6° (n = 189) Postprocedural f(QRS-T) ≥89.6° (n = 59) p-value
Normally, the directions of the myocardial depolarization axis and repolarization axis is in the similar orientation. Therefore, f(QRS-T) angle often tend to be a narrow angle (<45°) (Gungor et al., 2017; Raposeiras-Roubin et al., 2014; Tan et al., 2017) . A wider f(QRS-T) angle is associated with discordance between ventricular depolarization phase and repolarization phase and it was found to be associated with poor outcomes in different populations (Pavri et al., 2008; Raposeiras-Roubin et al., 2014) . However, limited data are available for evaluating the association of f(QRS-T) angle with poor adverse events in patients with acute STEMI. In a recent study, Raposeiras-Roubin et al., 2014, showed that f(QRS-T) angle >90° is an independent predictor of long-term mortality in acute STEMI patients. Similar to this study, we also found that patients with baseline f(QRS-T) angle ≥95.6° had significantly higher in-hospital mortality rate. These results suggest that acute STEMI patients with the higher baseline f(QRS-T) angle have a higher cardiac risk.
However, the most important novelty of our study is that we also evaluated the postprocedural f(QRS-T) angle in addition to baseline f(QRS-T). We found that postprocedural f(QRS-T) angle was significantly higher in patients who developed in-hospital mortality than in patients who did not develop in-hospital mortality. In addition, postprocedural f(QRS-T) angle ≥89.6° was an independent predictor of in-hospital mortality in multivariate analysis which including also baseline f(QRS-T) angle. According to these results, we can conclude that postprocedural f(QRS-T) angle has a higher prognostic significance more than baseline f(QRS-T) angle for predicting in-hospital mortality. To our knowledge, this is the first study demonstrating the association of postprocedural f(QRS-T) angle with in-hospital mortality in patients with acute STEMI. We think that the possible underlying mechanism for the association between wider f(QRS-T)
angle and in-hospital mortality may be due to the presence of larger infarct area, poorer left ventricular function, and higher incidence three vessels disease in these patients.
Another important finding of our study was the relationship between f(QRS-T) angle and the success of TT. We detected that although baseline f(QRS-T) angle was similar between successful and failed thrombolysis groups, f(QRS-T) angle measured at 90 min was significantly lower in successful thrombolysis group compared to failed thrombolysis group. In addition, f(QRS-T) angle was significantly reduced in successful thrombolysis group, whereas it was not reduced in failed thrombolysis group. Moreover, baseline and postprocedural f(QRS-T) angles were negatively correlated with electrocardiographic STR. According to our findings, the lack of significant decrease in f(QRS-T) angle after TT was associated with failed thrombolysis. Therefore, we suggest that the lack of decrease in f(QRS-T) angle after TT in STEMI patients treated with TT may be used as a new parameter to predict failed thrombolysis. This is the first study showing the relationship between f(QRS-T) angle and failed thrombolysis. We think that these findings will need to be validated in larger prospective studies.
The association of the f(QRS-T) angle with the severity of coronary artery disease (CAD) have been investigated in previous Note. MI, myocardial infarction; min, minute.
TA B L E 4
Comparison of clinical characteristics, electrocardiographic, and angiographic variables according to success of thrombolysis studies. In a previous study, it was found that the prevalence of 2-or 3-vessel obstructive CAD was significantly higher in patients with a planar QRS-T angle >90° than in patients with a planar QRS-T angle ≤90° (Palaniswamy et al., 2009 ). Similar to this study, we demonstrated that patients with baseline f(QRS-T) angle ≥95.6° had significantly higher frequency of three vessels disease compared to patients with baseline f(QRS-T) angle <95.6°. We think the possible underlying mechanism between the baseline f(QRS-T) angle and three vessels diseases might be that the concomitant significant lesion in the noninfarct-related coronary artery will result an increase in the frontal plane QRS-T angle. In addition to this study, we also detected that patients with baseline f(QRS-T) angle ≥95.6° had more frequent proximal vessel disease. However, postprocedural f(QRS-T)
angle have not been found to be associated with the proximal vessel disease and three vessels disease in our study. These findings suggest that baseline f(QRS-T) angle can be a useful parameter to demonstrate the severity of CAD, whereas postprocedural f(QRS-T)
angle does not possess such quality. In contrast to these findings, -Roubin et al., 2014 , reported that there was no relationship between f(QRS-T) angle and three vessels disease. This may be because that study included only acute STEMI patients who had depressed LVEF (≤40%). Further prospective studies with large number of patients are required to explain the association of baseline f(QRS-T) angle with the severity of CAD.
Raposeiras
Baseline characteristics, MI localization, and duration of chest pain were similar between groups in our study. However,
we found that patients with baseline f(QRS-T) angle ≥95.6° had a lower LVEF, and higher peak CK-MB values. Also, as the baseline f(QRS-T) angle increased, LVEF decreased and peak CK-MB increased significantly. Similar to our study, previous studies have demonstrated that wider f(QRS-T) angle is significantly related to lower LVEF and higher peak cardiac marker levels (Li et al., 2013; Lown et al., 2012) . Moreover, we detected that wider postprocedural f(QRS-T) angle was associated with lower LVEF, and higher peak CK-MB values. When all of this results were evaluated, we can suggest that both widened baseline f(QRS-T) and widened postprocedural f(QRS-T) angles in STEMI patients associated with extent of myocardial scar tissue irrespective of MI localization.
The association of f(QRS-T) angle with larger scar tissue can be explained as follows: ischemic or infarcted myocardial zone is electrically inert resulting abnormal conduction occurs through infarct area due to regional cellular changes (Herweg, Marcus, & Barold, 2016) . This condition may manifest heterogeneity between depolarization and repolarization waveform to result in widened postprocedural f(QRS-T) angle on surface ECG.
Early risk stratification in acute STEMI process is an important issue to determine high risk patients, and improve clinical outcomes.
Because twelve lead ECG is a cheap and easily accessible tool, it have been used frequently to perform risk stratification. Recently, the most interested novel ECG parameter is f(QRS-T) angle. However, all previous studies used the baseline f(QRS-T) angle. Unlike other studies, we have showed for the first time that the concept of postprocedural f(QRS-T) angle can be a useful tool to determine high risk patients with STEMI in this study. Although we provided important TA B L E 5 Univariate and multivariate analysis for determining the independent predictors of in-hospital mortality information about the postprocedural f(QRS-T) angle, we think that these findings should be supported by larger prospective studies.
Our study's limitations included retrospective design and having relatively small number of patients. Another limitation is that we evaluated in-hospital all cause mortality, but did not investigate causes of the in-hospital mortality. To investigate the association between arrhythmic complications and f(QRS-T) angle could provide additional contribution to this study. Third, both pPCI and TT patients were included and evaluated together in this study. Separate analysis may be useful, but when we compared two groups, we found that basal demographic characteristics, baseline and postprocedural f(QRS-T) angles, MI localization and in-hospital mortality rate were similar between two groups. We think, this comparison strengths our results. Fourth, we did not record the time of in-hospital mortality and long-term follow-up was not assessed. It could be interesting to investigate long-term prognostic value of f(QRS-T) angle in STEMI patients. Finally, although we used multivariate analysis to adjust for potential confounders, there may residual confounding from unmeasured covariates. Larger studies are needed to better elucidate the prognostic importance of postprocedural f(QRS-T) angle in patients with acute STEMI.
In conclusion, f(QRS-T) angle is an inexpensive, noninvasive and easily detectable parameter on 12 lead ECG. In this study, we have shown for the first time that postprocedural f(QRS-T) angle has higher prognostic importance than baseline f(QRS-T) angle for predicting high risk patients in acute STEMI. In addition, postprocedural f(QRS-T) angle can be used as a simple tool to determine failed reperfusion in acute STEMI patients receiving TT. Therefore, we think that the evaluation of f(QRS-T) angle on surface ECG during acute STEMI may be an acceptable noninvasive electrocardiographic marker for cardiac risk assessment in future.
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